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Abstract

Background There is a hypothesis of an association between diverticulosis and metabolic syndrome (MS) or its components,
but data on this topic are inconsistent, and a systematic review has not been performed. We conducted a systematic review
to investigate the possible association between cardiometabolic risk factors and diverticulosis.

Methods A systematic literature search was conducted via PubMed, Cochrane Library, and Web of Science in December
2022 to collect the necessary data. Studies that examined the association between MS or individual metabolic factors and
asymptomatic diverticulosis were included in the review.

Results Of the potentially relevant articles identified via PubMed (477), Cochrane Library (224), and Web of Science
(296), 29 articles met the inclusion criteria and were used for this work. These studies were assessed for study quality using
GRADE. Overall, 6 studies were rated as “very low,” 19 studies as “low,” and 4 studies as “moderate.” The data suggest an
association between arterial hypertension, obesity, and fatty liver disease in younger patients and diverticulosis. Patient age
appears to play an important role in diverticular formation. Data on diabetes mellitus is inconclusive and may require further
investigation depending on the location of the diverticula.

Conclusion Based on the synthesized data, there is an association between arterial hypertension, obesity, and fatty liver
disease in younger patients. The formation of diverticula seems to be influenced by age and genetic factors. The study sug-
gests a connection with cardiometabolic risk factors. To gain a better understanding of the role of metabolic risk factors in
asymptomatic diverticulosis, targeted studies are necessary based on these findings.
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Introduction

Diverticulosis is a condition characterized by the presence
of small protrusions in the intestinal wall, which are called
diverticula. These protrusions can impact various layers of
the intestinal wall depending on their location and are among
the most frequently observed alterations in the colon. In the
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left segment of the colon, this change causes the herniation
of the mucosa and submucosa through the muscular layer.
These protrusions occur at the weakest points of the muscu-
lar layer, where blood vessels penetrate. These changes are
referred to as pseudodiverticula because only specific layers
of the intestinal wall are affected in this case. On the other
hand, in the right colonic segment, all layers of the wall are
more commonly affected, classifying them as true divertic-
ula [1]. The location of these diverticular formations varies
according to ancestry. In the Western world, diverticula are
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predominantly found in individuals of white ethnicity, with a
higher prevalence in the left colon (86%), particularly in the
sigmoid colon [2]. In contrast, individuals of Asian descent
primarily develop diverticula in the right colon, regardless
of sex, age, or ethnicity, even in highly Westernized regions
[3-5]. Diverticulosis becomes more prevalent as people age,
affecting approximately one-third of patients under 60 and
around 70% of those over 80 [6]. Although diverticulosis
is a common condition, only 4% of those affected develop
acute diverticulitis, which is characterized by inflammation
of the diverticula. Younger individuals have a higher risk
of developing this disease [7]. In addition to the growing
prevalence of diverticulosis, there has been a 50% rise in
the occurrence of diverticulitis in recent years [8]. Several
potential risk factors for the development of these diverticula
have been discussed. In addition to rare genetic syndromes
such as Marfan syndrome [9, 10], Ehlers-Danlos syndrome
[10, 11], Williams-Beuren syndrome [12], Coffin-Lowry
syndrome [13], and polycystic kidney disease [10], which
are associated with defects in the extracellular matrix and
connective tissue structures, a genetic predisposition is a
decisive factor in the development of these diverticula [14].
Besides genetics, dietary habits and environmental factors
also contribute to the development of asymptomatic diver-
ticula. However, the data pertaining to this matter is incon-
clusive. Contrary to earlier assumptions that a high-fiber diet
could protect against the development of diverticula, recent
evidence suggests that there is no apparent link between a
high-fiber diet and the occurrence of diverticula [15, 16].
Despite popular belief, constipation is not a risk factor for
the formation of diverticula [16].

In addition to ethnic, bio-chronological, and dietary fac-
tors, lifestyle factors, particularly cardiovascular and meta-
bolic risk factors, have also been linked to the development
of diverticula. The association between cardiovascular and
metabolic risk factors and diverticula is of interest due to
the potential for a reciprocal relationship, wherein diver-
ticulosis can impact cardiovascular and metabolic outcomes,
and vice versa. The accumulation of diverticula formations
has been reported in hypertensive patients [17], as well as
in individuals with increased alcohol consumption, high-fat
diet [18], and obesity [19]. However, no systematic review
has been conducted on this topic. The objective of this sys-
tematic review is to offer a comprehensive overview of the
heterogeneous data and the presumed correlation between
diverticulosis and cardiometabolic risk factors.

Methods

A systematic literature search was performed using the
PubMed, Cochrane Library, and Web of Science databases
in December 2022. Applying the search strategy including

@ Springer

the terms “diverticular disease” OR “diverticulosis” AND
(“metabolic syndrome” OR “metabolic dysfunction”
OR obesity OR “arterial hypertension” OR “diabetes”
OR “hyperlipidaemia” OR “hypercholesterolaemia” OR
“NAFLD” OR “MAFLD”), 477 studies between May 1952
and December 2022 were found via PubMed. Under the
same search conditions, Web of Science provided 296 stud-
ies, and the Cochrane Library provided 224 studies. The
systematic literature search was performed by two independ-
ent researchers (B.W. and A.V.) using the described search
strategy. No language restriction was applied.

PICO

We used the PECO scheme for our systematic review of
observational studies [20].

Patients: all individuals screened for diverticulosis by any
means

Exposure: presence of diverticulosis or diverticular dis-
ease

Control: absence of diverticulosis

Outcome: presence of metabolic syndrome or subcompo-
nents of a dysmetabolic disorder

Assessment of quality and risk of bias

The most recent update of the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE)
approach was employed to assess the risk of bias in the
included studies [21]. The GRADE system evaluates the
quality of evidence across studies and considers several
factors, including study design, consistency of results,
directness of evidence, precision, and publication bias,
among others.

The ROBINS-E (Risk Of Bias In Non-randomized Stud-
ies—of Exposures) tool is a comprehensive assessment
framework designed to evaluate the risk of bias in non-
randomized studies assessing the effects of exposures. It
provides a systematic approach for researchers to assess the
quality and reliability of evidence from such studies, helping
to ensure that the results are robust and can inform decision-
making [22].

Two independent researchers (B.W. and A.V.) were
responsible for conducting the quality and risk of bias
assessment. Discrepancies that arose between the research-
ers regarding the evaluation of any study were addressed
through a consensus-driven process.

Eligibility criteria

Case-control studies, cross-sectional studies, and cohort
studies examining the association between diverticulosis
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and metabolic syndrome or subcomponents of a dysmeta-
bolic disorder were included in this systematic literature
search. A prerequisite for inclusion was an available effect
assessment using OR, RR, HR, or standardized incidence
rates with 95% CI. Screening for inclusion in the study was
performed independently by the two investigators men-
tioned above and subsequently reevaluated in conference.
The definition of the diagnosis of a respective metabolic
component or MS in the selected studies was considered
in the interpretation. Studies were excluded if the inclu-
sion criteria were not met or if the studies had not been
performed in humans. Review articles, editorial comments,
or conference proceedings were excluded.

Data preparation

Using a structured data collection table, the following infor-
mation was extracted from the primary included studies:
study title, publication year, authors, country, results, patient
numbers, sex, age, and study type. Depending on availabil-
ity, adjusted ORs with 95% CI were listed under results.
Otherwise, only significant correlation was documented.
To ensure data quality, data were reevaluated by a second
investigator (B.W.) after collection by the principal inves-
tigator (A.V.).

Statistical analysis

Due to the heterogeneity of the data and different study
endpoints, this systematic literature review is a descriptive
summary of the included studies. A statistical summary was
considered impractical and was not performed for this rea-
son. This study was registered online (https://osf.io/zy5Swg/).

Results
Search and critical appraisal

The described search strategy resulted in 477 potentially rel-
evant articles being identified with PubMed. Four hundred
thirty-five of these articles were excluded after reviewing
the information from their titles and abstracts, as they did
not meet the inclusion criteria. The remaining 42 articles
underwent full-text analysis, and 15 of them were further
excluded for having inappropriate study design or endpoint.
The 27 remaining articles met the inclusion criteria and
were used for the current study. Web of Science provided
296 results, of which 263 could be excluded based on their
titles and abstracts. After excluding an additional 8 articles
through full-text analysis, there were 25 results, of which 23
matched those from the PubMed search. The 2 new articles
were included in the current study. The search for relevant

literature in the Cochrane Library returned 224 results, but
none of them met the inclusion criteria. An additional indi-
vidual literature search on UpToDate and on the included
studies did not yield any further studies to include.

The literature search, review, and selection process is
depicted in Fig. 1. These 29 included studies consisted of
7 prospective studies, 10 cross-sectional analyses, 9 case-
control studies, one retrospective case-note review, and 2
population-based cohort studies. The quality of the studies
was assessed using the GRADE method, with 6 rated as
“very low,” 19 rated as “low,” and 4 rated as “moderate.”
The characteristics and quality assessment of the studies are
presented in Table 1. Due to the heterogeneity of the data
and endpoints, the results were summarized in separate sec-
tions (Fig. 2).

Main findings
Diabetes mellitus

Study results on the relationship between diabetes mel-
litus and diverticular disease are inconsistent. However,
data from Korea suggest that there is a clear correlation
between diabetes and diverticulosis in the entire colon (OR
2.08;95% CI 1.23-3.53) and right colon (OR 2.40; 95% CI
1.40-4.15), but not with left-sided diverticulosis [23]. Data
from a Japanese study by Sakuta and Suzuki also suggested
an association between diabetes and diverticular formation
[24]. Braunschmid et al. present European data that also
show a trend toward a higher incidence of diverticula in
individuals diagnosed with diabetes [25]. In contrast, the
studies by Kopylov et al. (OR 0.488; 95% CI 0.289-0.825)
and Tursi et al. (OR 0.783, 95% CI 0.682-0.898) show a
significantly lower number of diverticulosis patients in the
diabetic collective [26, 27]. Wittstrom et al. also described
similar results (HR 0.88, 95% CI 0.80-0.96), with longer
disease duration associated with a further risk reduction for
the occurrence of diverticulosis [28]. Korean data from Song
et al. could not show any associations [18].

Hypertension

Regardless of ethnicity, patients with arterial hypertension
had a higher prevalence of diverticulosis [18, 24, 27, 29,
30]. Yeo et al. found a correlation between diverticulo-
sis and poorly controlled hypertension (OR 2.07, 95% CI
1.17-3.67), the absence of antihypertensive treatment (OR
1.73;95% CI 1.06-2.83), and a significant overall link (OR
1.83; 95% CI 1.21-2.75). However, with proper adherence
to treatment resulting in normal blood pressure, there was
no significant difference compared to the control group.
These findings build upon prior studies that have estab-
lished an association between asymptomatic diverticulosis
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Identification of studies via databases and registers

Records identified from:
Pubmed (n = 477)
Web of Science (n = 296)
Cochrane Library (n = 224)

Identification

\ 4

Records screened
Pubmed (n = 477)

Records excluded based on the title and
abstract

Web of Science (n = 296)
Cochrane Library (n = 224)

v

Reports sought for retrieval
Pubmed (n = 42)
Web of Science (n = 33)
Cochrane Library (n = 0)

v

Reports assessed for eligibility
Pubmed (n = 42)

\ 4

Pubmed (n = 435)
Web of Science (n = 263)
Cochrane Library (n = 224)

Reports not retrieved
Pubmed (n =0)
Web of Science (n =0)
Cochrane Library (n =0)

Reports excluded:
. duplicate reports (n = 23)

Web of Science (n = 33)
Cochrane Library (n = 0)

Studies included in review
(n=29)

Included

Fig. 1 Literature review process

and hypertension [17]. The study conducted by Tursi et al.
demonstrates a significant association between hypertension
and the development of diverticula, supported by a substan-
tial number of cases (OR 1.092; 95% CI 1.007-1.185) [27].

Obesity

Studies examining the association between diverticulosis
and obesity showed consistent data—a higher BMI was
associated with more colonic diverticula in several studies
[26, 27, 29-32]. Comstock et al. demonstrated a positive
association between obesity and diverticula with increas-
ing BMI (OR 2.7; 95% CI 1.6-4.7) [33]. Similarly, data by
Mashayekhi et al. showed an association of diverticulosis
with increasing body weight (BMI 25-30 (OR 3.02; 95% CI
1.33-6.88); BMI> 30 (OR 4.43; 95% CI 1.88-10.49)) [34].
Furthermore, a higher BMI is also associated with a more
severe form of diverticulosis (OR1.44; 95% CI 1.06-1.96)
[35]. A study found that patients with diverticular formation
had an increased accumulation of abdominal visceral and
subcutaneous fat, as observed on an abdominal CT scan,
even though there were no differences in BMI between the

@ Springer

> e  other result of interest / wrong study
design
Pubmed (n = 15)

Web of Science (n = 8)

diverticulosis and control groups [36]. Nagata et al. con-
firmed this finding, which was also noted in patients with
diverticulosis who had a BMI below 25, indicating a nor-
mal weight. Furthermore, the increased visceral fat volume
presented differentially associated with diverticular location
(right (OR 1.79; 95% CI 1.24-2.58); left (OR 2.30; 95% CI
1.31-4.03); bilateral (OR 2.99; 95% CI 1.75-5.11)) [37]. In
addition to the association of diverticulosis with increased
abdominal fat, individuals with higher waist circumferences
also had a higher incidence of diverticular disease. This has
been demonstrated in both a US cohort (OR 2.8; 95% CI
1.7-4.9) [33] and a Portuguese cohort (OR 2.129, 95% CI
1.005—4.510) [38]. In another study, a correlation was found
between waist-to-hip ratio and diverticulosis (OR 1.035;
95% CI 1.000-1.070) [39]. The study conducted by Shih
et al. emphasizes a particularly noticeable impact observed
within the female group. They found a significant correla-
tion between being in the highest quartile of body fat per-
centage and the occurrence of diverticula (OR 2.089; 95%
CI 1.436-3.030) [40].

In addition to body measurements, several metabolic
laboratory parameters were assessed, which included leptin,



236

Page 50f 19

(2023) 38:236

International Journal of Colorectal Disease

Apms [onuod

($78°0—682°0

ID %56 ‘88+°0 YO)
SnI[[oW $aJaqeIp
ey v—€0e1 1D
%$6 *€01'T 40)
wsIproiAyiodAy
(69L°1-660'T 1D
%$6 ‘¥6€° 1 40)
(0¢ <IN E) A¥saqo
(IPTT99E'T

1D %S6 -LEL'T
MO) 1opuad orewr
{(€80°'1-950°'T ID

SISO[
-NOT)IAAIP OIUO[OD JO
JuowdoyoAap JO YSLI

dU) pue SWOIPUAS

Mo -0s80 0A1102ds0NY '8¢ 6DTIL  FIVP9rT (ESISLIE  %S6 0LO'T O) BY [o®BIs] [9¢] 'Te 30 AojAdoy  TT0T orjoqesow ‘A1saqQ
Q17 +-160'T 1D
%56 S61°C ¥0) 104
-09[® {(LL6'THYO'T
1D %$6 “€9L°1 4O)
9>2102S VAN Apnis aandadsoxd
Lvd “(SLE'9-0€0'T B [B2I03] U sIso[non
ID %56 *€95°T ~IOAIp JIUOJOJ JO s3I
M07] Apmis aandadsorq 605 (rooge (6L)816 (€0D8Y8 ¥0) 09 <98y BAI03] [81] 1812 8u0g Q[OT  -SLOjORIRYD [EOIUID
SISO[
-nonIeAIp Tewrxoxd
P (8€°€-99'1
1D %56 *9€'C YO)
dfrod ‘(ST v—01'T
1D %$6 “0%'C 40)
SMI[[OW SAJ2qRIP
‘s1sononIoArpued
PIM (2816 d£jod uojoo pue
ID %56 TL'T 40) swoydwAs [omoq
dAtod “(¢6'¢—¢€T'1 )M PIJRIOOSSE SISO[
1D %$6 *80°C 40) -NONLIDAIp OIUO[02 JO
MO Apmis aandadsorq (a4 0961y  (e¥DII9 (€02)0€0T  SmI[oW $)0qeIp 2TV BaI03] [€7] '[B31299T QI0T  9OUBDYIUSIS [eorur))
Al WN[NOT}ISAIP JTUO[OD
yIm s309[qns poge y)m uowr osoueder
S[ppIW UI PABAI[D paSe-orpprw Suowre
(110°0=9an[eA d) PJBAJ[Q 9IE UOIS
uorsuayredAy pue -u9)radAy pue
sIsATeue (Lyoro=onfea d) g (2] sejeqerp ¢ 2d4)
Mo AI0A [BUO1}09S-SSOID) 65-16 -) (LO)YS6 (L6)YS6 2dAy smyrpowr sajeqer ueder nnzng pue eines  £00¢ JO SoJeI Q0US[BAAI]
HAVED ad£y Apmg ady (AT@M (AI@w  papnpur s)g aansodxy £nyuno) sioyny  Jesx ML

SOIpNIS Pajod[es | dqel

pringer

a's



(2023) 38:236

International Journal of Colorectal Disease

Page 6 of 19

236

MO[ ATOA

MmO

SISA[eue
[BUON}O9S-SSOID)

SISA[eue
[BUON}09S-SSOID)

PaIB[aI A[9SIoAUT
(L'0-€°01D %S6 ‘0
J0) OV S pue
(8°0-€°0 1D %S6 S0
MO) unosuodipe
IB[NOJ[OW MO[
{6 €11 1D %S6
7 ¥O) uonenuad
-uo0d undoy pasearout
yoed (6 —L1 1D
%S6 8'C JO) NI
QOURIQJUINDIID JSTEM
paseaIoul yoea
WLr9TID %S6
L7 °90) A1039180
S9-8% () (€9)9z1 (€9)9t1 TIN| posealoutl yoey
(1000'0>d)
ysape[3ueg ur SIso[
-NONIAAIP prowdIs
pu® OTUO[0 1J9 SS9
‘rysope[3ueg ur
(10000 > d) oseasIp
318 OTWRYDIST + N
7 2d4£) Jo aousprour
1918213 ApjueoyIugIs
‘(suosrredwod [[e 10§
1000°0>d) (%Yt
169€/06) Moeld
“(%¥€ Hr/ST) [e1ud
110 “(%6°6 :191/91)
SIue)SIyed/SueIpuy
“(%9€ :6981/€L9)
sueIseone)) uey)
Tomol (%L'T
:0€9/LT) STYsap
-e[3ueq ur siso[n

0°¢9 191 (@Y (S06)ISTE -ODISAIP JO AOUS[RARI]

SISO[NOTIIOAID
)M PIIRIOOSSE
KJosI1oAUT T TRWIOIq
[9AOU B SE FOVYS
SOYIUSPI So[eW UT
so)A[eue WNIAs pue
£)152q0 JO SIsAeur

[£€] 'Te 10 Yoo)sWo)  +10T [eUOT}09s-SS0I)

uonendod
Tysope[3ueg UOpUOT
U} UT SISO[NOT}IOAIDP
J1u0[09 Jo Apnjs

[ss] e tmyeT €10T [BUOI3S SSOI0 i

HAVID

ad£y Apmg

a3y (AI@M (AI@Qw  papnput s3q dansodxyy

sloyny  Ieax ML

(ponunuoo) | sjqey

pringer

Qs



236

Page 7 of 19

(2023) 38:236

International Journal of Colorectal Disease

M0

MO

Mol KI9A

Apms aanoadsoig

Apnis
130709 2Anadsoig

MITARI 9JOU
-aseo aanoadsonay

09

L09

9IS

(E¥1)88Y

(001961

9D€9

(Ly1)88Y

(820616

(SDoL

(062)9L6

(8TESHY1

(19)een

(€L01°0=49)
uonednsuod yim
UOTJBIO0SSE OU
(8L10'0=4) N
(L000'0=4) TNg
“(1000°0 > d) a3e
[)IM UOTJBIOOSSY
(Irs-sLi
1D %$6 66'C JO)
[exdre[1q (€O v—1¢'1
1D %$6 *0€'C JO)
W8S THT T ID
%S6 ‘6L°1 JO) WSt
:uonnqrIsIp YIm
pajeroosse Afoanisod
IVA (ST>) INgG
[BWLIOU )IM USAD
‘SISO[NOTISAIP (1M
(100°0 > puan 10§
d) pajerdosse (LVS)
anssn asodipe
snoaueINoqNs
pue (LVA) onssn
asodipe [e10SIA
dnoi3 sn
-I[NONISAIP pue [0}
-u0o uey) 1o5Ie[ voIe
JeJ snoaueINdqNs
[eUTWOpqe pue ‘eaIe
18] [BIQOSIA ‘BoIR
Jej [RUILIOPQE [210)
:dnoig siso[nonIaAlq

eLISNy

ueder

BOIOY]

[szl

‘[ 39 pruyosunelg 10T

[L€] Te 1o vIeSEN 10T

[9€] Te19 99T 10T

syuanyed

9.6 JO SIsA[eue -
9SBASIP JB[NONISAIP
)M POJRIOOSSE

jou st uonednsuo)

SISO[
-NOTIJAIP OIUO[0D JO
NSLI PISBAIOUL YIIM
pajeroosse st Ayder
-3owo) paindwod
Kq pamseowr A31S9q0

[eurwIopqe [eI90SIA

ueds 1D
[eurwiopqe £q pain
-SEaW UONB[NWINIJL
JeJ snoaueINOqNS pue
[eIOSIA [eUTUOPqE
pUE SISO[NOTLISATP
JIUO[0D UdIMIAq

dysuonerar oy,

HAVID

ad£y Apmg

gy

(AT@MM

(AI@Qw

papnput sid

dansodxy

Anuno))

sioqny Jedx

INLL

(ponunuoo) | sjqey

pringer

a's



(2023) 38:236

International Journal of Colorectal Disease

Page 8 of 19

236

Apms [onuod

(6€L'T

=TT ID %S6
€0%'T JO) aseastp
[eunsajuronses
100 (199 T-1+0'T
1D %56 :S1€°T Y0)
9SBASIP IR[NOSBAOIP
-1e3 1(786'0—996°0
1D %56 *¥L6°0

eoIe
orydei3oa3 pauyop

& woJj syuaned
Suowre SISO[NOTIIGAIP
SIUO[0D )M Paje

MO0 -ose0 9A10dsondy  T'95/4°'8S  (SSH)E89T  (98€)SLLI (1¥8)8SH¥ J0) YMIq Jo 1edx Areir [96] e 2I0g SI0T -I00ssE SI0J0') ST
0T 1-20°T
1D %S6 011
AO) opLIadAI3Ln
(TTT-20°T ID %56
1T°T ¥O) Toyoore
FTT1-90°T ID %S6
'ST'T ¥0) °1VaH uoneuwrIog
(8T'T-90°T ID %56 B[NONISAIP [€3021
$L1°1 ¥O) pooyinpe -0[00 A} UO JO)Je
ur 9seaIour JySrom Aoanyerodoos Aewr
QI0A3S (7T T1-ST'1 S10)08) Paje[aI-O1[0q
JO) Surjows -eJow/a[A1S9JI] pue
S(SE1-80'T ID %S6 ‘ropuagd ‘ao3e :ueder
Apmis [onu0d ‘02'1 JO) oewt ur SISO[NONIGAIP JO
SJeIpON -osed aAnoadsonay 0'¢S T8 (FELISSPT (8689)L7ee (96’171 YO) 98V ueder  [y] [e 30 IOMWERWRL  GIOT  SIOJOBJ YSLI pUB PULL],
q€avan ad£y ApmS a3y (AI@#M (AI@Qw  papnput s3q dansodxyy Lnuno) sioyny  JIedx IPIL

(ponunuoo) | sjqey

pringer

Qs



236

Page 9 of 19

(2023) 38:236

International Journal of Colorectal Disease

MO

QJRISPOIA

Apms aanoadsoig

Apms aanoadsoig

¢co

(1729

(ze)801

(senose

(09)$6

(STDyLe

(z9)€0C

(090)¥29

(915'8-L8S'1

1D %$6 ‘789°¢ Y0O)
SWIOIPUAS drjoqeIoW
{015 +=S00'T ID

%56 ‘61T JO)
QOUQIJUINDITO

ummmg —u@mmP_UE
(TITT-L20°T ID
%$6 ‘8901 YO) Y
(8°6—L11D %S6
1°¢ JO) 9s9qo [N
{(8€0TID %56
0" JO) WSTOMIdA0
ING [(S01-8'T
1D %$6 ‘¢t MO)
e[nonIoAIp doop
{0691 ID %S6
18°¢ YO) B[NODISAIP
931e {(9°TI-ST IO
%86 '9°S YO) vnon
=I2AIp O] <] 09 <°3e
T9-€T 1D %S6
1877 YO) B[NODISAIP
dosp (¢'6—T'1
1D %56 '9°C JO)
wﬁsoﬁuoiw QMHE
(OS-T'TID %S6
' JO) BINONIAAIP
01 <] 09-16 93V

eSmaiog

vsn

{UOTIBIO
-0SSE UB :QWOIPUAS
s1[0qeIoW A pue

[8€] ‘Te 10 IIOXIA], LT(OT  SISO[NONIAAIP OIUO[OD)

uonendod Suruaaros
SJe)S paNu() B Ul
B[NOTISAIP JTUOJOD
Jo sonsLIvoRIRYD

[v¥] Te 10 K199d 910C pue uonnqIsIq

HAVID

ad£y Apmg

gy

(AT@MM

(AI@Qw

papnput sid

dansodxy

Anuno))

sloyny  Ieax ML

(ponunuoo) | sjqey

pringer

a's



(2023) 38:236

International Journal of Colorectal Disease

Page 10 of 19

(LYE-LTTID %S6
‘L0'T ¥O) Aderoyy
andsap uorsudradAy
{(€8'790'T ID %S6
'€L°T J4O) Aderoyp
INOYIIM UOISUD)

-10dAy (5L T-1T' T SISO[NOTIAID
Apnys Jonuod 1D %56 ‘€8°'1 5IUO0[0J JO YSII pue
Mo -0s80 0A1122ds0NY 17es  (S9)9L01  (90DTLIT (y1syLe JO) uorsuaradiy uemIe], [LT] 830 09K 610T [0nuoo uorsudledAy
SISO[NONISAIP
onewoydwAse jo
(6+°01-88°T 1D %S6 Qouseaald 1oySiy
€7y 40) 0€ <IN M POJeIoOosse ST
Apmys fonuod (88'9-€€'T ID %S6 ‘Kyranoe feorskyd
Mo -0s80 0A122ds0NY 8'09 =) ) (98)€TT  “T0'€ ¥O) 0€-ST TG VSN [#€] e 10 Ipekeyse N 810C tou ing A11saqQ
(998°0-€2€°0
ID %56 ‘6TS'0 ¥O) syuoned Ap1opro
s1sojea)sojeday Jo UI 9SBISIP JOAT]
10301pa1d 2ane3au KyeJ O1[0YOO[RUOU
Apms Jonuod juapuadopur pUE SISO[NONIJAID
MO A10A -0sE0 0ATIDads0NY 8L Lvrr  (zoDIIe (691)55€ SISO[NONIAAI Aoy, [er] Tero ulyes 8107  UdIMIOq diysuone[oy

[(6£°6—99'1 1D
%$6 66T JO) uon
-eoIpaw dATSuS)Iad
-Kynue 1(90'¢-10'1

1D %S6 °9L'1

MO) uorsuayredAy
FLE-TI8TID %S6
701 ¥O) Sunjours
(6T T+0'1 ID %S6

TI'T 90) TN euy)

(SO T-10'T 1D %56 UIOYLION WOy

‘€0'T YO) 25e] § vare uejjodonaw

LEEP=S0T ID %S6 ® UI SISO[NOTLIGAIP

*$1°C ¥O) Sunjours o1u0[09 payeord

sisAreue {90 T-£0'T 1D %S6 -wooun Jo sI030ey

MmO [BUONOAS-SSOI)  L'$6/9'CS  (0L)TveEr  (8¥DV0T (812)98¢H *60'T YO) 25e] w BUIYD [£S] Tero Suex L10T SUI UI SOOUAISIP XS

236

5

[=Te]

=]

AAVID ad&) Apmg MY  (AIMM  (AIQW  papnpul sig aansodxgy Anuno) sloyny  Ieax MPIL &
w

Sl

(ponunuoo) | sjqey



236

Page 11 of 19

(2023) 38:236

Apms [onuod
-9se0 aAndadsonoy

Apms aanoadsoig

Apn3s jonuoo
-9sed aAnodadsonoy

Apms 110400
paseq-uone[ndod

Apms [onuod
-9sed aAndadsonoy

(1S90)811S  (¥867)896S

(8%°0-082°0

ID %S6 “#S€°0 JO)
29D (868°0-789°0
ID %56 ‘€8L°0 ¥O)
snmI[[oW sajaqeIp
((S8T'1-L00'T

1D %56 2601
MO) uotsuayradAy
(JEST-THTT IO
%G6 ‘8LET IO)
0€ <IIN9 (9ST'T
—L90°T ID %S6

'8ST°1 ¥O) 0L <93V

(F0'T-80'T ID %S6
‘8% ¥Ud) S1sonon
-IOAIp OIUO[OD pue

(0€ <TINE) udwopm

(€91 ¥0
16000 > d) stso[non
=IAIP puE (I TAVN

Uu99M19q UONR[AII0)D)

[(90°6—60'T

1D %56 *S€'T ¥0)
1196’ T-90°T ID
%S6 ‘v’ 1T d40) ING
(S1°€-09'1 ID %S6
%7 JO) 93¢] s1s0[
|50_ﬁu>% woocm\w—um
‘SA SISO[NINIIAIP

9peId p[rur 10 oN

(€08'T7—9¢€T'T
1D %56 61S°S
AO) AT 219438
(78849201 ID
%S6 ‘8€T°T 40)
14 deropowt
“0L0°'T-000'T ID
%S6 -S€0°1 4O)

oner diy-Jstepy

Apms [01U0d—ased
QJI[-TeaI B :9WOINO0
S} puB UoJod A} JO
9SBASIP JB[NONIIOAID
Jo A1110A9s o1doos
Areap [LZ] T IsIML, OZOT -OPUS 10 SI010B) YSIY

USWIOM UT STSO[NOT}
-IOATP OTUOJOD [IIM

vsn [1+] Te32 A199d 0TOT A1seqo Jo UONEIOOSSY
Apmys [o1u0d 3sed
-USI[O :9SBaSIP IOAT]
Aney orjoyoo[E-UOU

puefod  [gp] e 30 DiSUWey] 607 JO SOWOINO [eduI[)

uone[ndod [erouad
UI0)SIA\ B WOIJ
sy00lqns ur SurSewr
20uBUOSAI dnoUSeWw
KQq passasse oseasip
Ie[NOTJISAIP JO SIO)
-0BJ YSLI PAJBIOOSSE

ad£y Apmg

dansodxy

Kuewron [¢e] Te 19 z103S 610T pue sonsLIORIRY)
SISO[NOTIAATP
uo[oo onewoydwAse
BaI03] [6€] Te109®g 610C 10§ S1019e] STy
Anuno)) soyny JIedx APIL

International Journal of Colorectal Disease

(ponunuoo) | sjqey

pringer

a's



(2023) 38:236

International Journal of Colorectal Disease

Page 12 of 19

236

#9°1-20°1

ID %S6 ‘67T YO)
Srew (4L 1-90'1
1D %56 :9€'T JO)
£318990 (96" T—¢0' [
1D %S6 :LT1

MO) uotsuayradAy
{(SSTT-S0'T ID %S6
LT'T JO) Suryows
WSTL-€T€1D
%S6 ‘18’7 JO)
0L<4S6'€-60T
1D %S6 :L8'C 4O)
69-09 “(PE TSI

SISO[NOIOAIP
SIUO[09 JNBWO)
-dwAse yim s300f
-qns Suowe ssawy

sisk[eue 1D %S6:LST [eorsKyd pue siojoey
MO [BUONDIIS-SSOID) 095  (SSDOSIT  (¥+¥9)90%¢ (66L)985¥ ¥0) 65051 93y [eBIS] [6T] ‘Te e Tysen  7TOT JSLI Ie[noseAoIpIen)
uonemp
sIeak ¢ > uey)
(L8°0-L9°0 ID
%S6 9L°0 ¥H)
$9JoqRIp JO uOnEINp
s1eak ¢ < s3d Suowre Apmys 110400
1omo] (96°0-08°0 ySIUR(] ® :9SBasIp
Apms 1D %56 '88°0 4H) T TR[NOTIOAIP JO YSLI
QIEIOPOJN  1IOYOD [EUONEAINSGQ $'6S  (PTO0TI  (6T9'S01 (LTSR)ESY'STT 2dAr smyfpow sereqeiy pewueq  [87] T8I0 WQNSMIM  TZ0T  Pue seleqerp g odAL
STI[NONIGAIP
(601201 1D PUR SISO[NONLISAIP
%56 :S0'T JO) Aus JIUO[0D 10] SI0)
sisk[eue -300 {(I'T-90°'T ID eIUR -ou] Yysu K1e1a1p
M0 [eUONd3s-SSOID) 79 (€969 (FTr)se9 (8S8)EEET  %S6 :6L0'T WO) 93y -nir pue Auewson  [[¢] [e 19 dudIsONNT  [Z0T PUE [ejuswiuoIIAuyg
(ErT-6T1 uonendod [e1o
1D %S6 *LL'T 40) -u93 UI9)SoAN WOy
IVS (TeT-LT'T $109[qns ur $10108)
1D %56 ‘¥9'T YO) SSLI [EUONMNSUOD
IVA {(I¥'T-6T'1 pue sjuoweduiod
1D %56 9L'T 40) onssn asodIpe yim
IVL (6T TT'1 UOTBIOOSSE SI pue
1D %S6 69’1 40) 9SBASIP JR[NONISAID
SISA[eue TING :oseasIp e[ Jjo Surewr doueu
%0 [BUON935-5501) z9s  (ITDsST  (S6)91T (O1Q)1LE  -MONIAAIP PaOUBAPY Auewion [8S] ‘e 10 Z10)S  0TOT -0sa1 onouSEIN
AAVID ad£) pmg By (AIOM  (AIQW  papnpur sig amsodx Anyuno) siony  Ieag ML

(ponunuoo) | sjqey



236

Page 13 0of 19

(2023) 38:236

International Journal of Colorectal Disease

M0

Mo[ KIoA

MO

SISA[eue
[BUON}O9S-SSOID)

SISA[eue
[eUONI9s-$S01D)

SISA[eue
[BUOT}03S-SSOID)

(89

08¢

['8%

(€on9rre  (ErOIviE

09 <sd ur

pUE J[BW SA 9[RWIQY
ur UOTe[o1109 IaySTy
{0€0€-9¢H T ID
%56 :680°C ¥0) 1}
Apoq jo a3ejuadiad
(91€)LSSS
s1edk (o <s1d

ur (6€°6-9C°1 1D
%56 *¥i'€ 4O)
[040d[e H(9T'8S—L'T
1D %56 :S0°01 YO)
Kyroruyye oruedsTy
((087—€0°T 1D %S6

(Iews1 (S9)s0c (9s1)65€E

(196°'1-LST'1

ID %96 “0LS'T JO)
erwadLIMIadAy
{(L09°T-2E0T ID
%S6 L8T'1 4O)
BIWAPLIDOA[SINIodAY
(68L°T-T8T'TID
%96 “¥S¥'1 40)
uorsuradAy (1061
—€ITTID %S6
8161 YO) [oyoore
{206 1-001°T ID
%6 ‘9¥H' T JO) Lis
-9q0 :(89G°T-€LE'T
ID %56 ‘8L8°T JO)
orewt {(LS0'€-T1S'T
1D %56 “6v1°C

(L9)9L1T  (T8L)¥00Y (610819

Jo onrenb 3soy3IH

‘TTT ¥0) 0€ <IN

J0) 09 <BY

Apmys [euono9s SSOId

© :SISO[NONIAIP JO

YSLI PSBAIOUT IIm

PIBIOOSSE ST Je]

BUID [ov] Te L UNS Tzoc

SISO[
-NOT)IQAIP OTUO[0D
[EIUSPIOUI JOJ SI0)OBY

VSN [z€l Te 10 YAZorepo[p\  TZOT NSUI pue Jo dud[eAdld

SISO[
-NOTJIGATP OTUO[OD
IO} $I0}0€] YSII S&
$10)0B] OI[0qRIOW

eury) [0€] Te R UBX TTOT PUB X3S ‘[OYod[e 93y

Apoq Jo 93ejuadIod

HAVID

ad£y Apmg

gy

(AT@MM (AI@w  papnpur s)g

dansodxy

Anuno))

sloyny  Ieax ML

(ponunuoo) | sjqey

pringer

a's



236 Page 14 of 19

International Journal of Colorectal Disease (2023) 38:236

Risk of bias domains
1| D2 | D3| D4 D5 D6 |

o
=}

7 bver

2

Sakuta 2007

Lee 2010

Song 2010

Kopylov 2012

Lahiri 2013

Comstock 2014

Lee 2014

Nagata 2015

Braunschmid 2015

‘Yamamichi 2015

Dore 2015

Peery 2016

Teixeira 2017

Yang 2017

Sahin 2018

Study

Mashayekhi 2018

Yeo 2019

Bae 2019

Storz 2019

Kempinski 2019

Peery 2020

Tursi 2020

Storz 2020

Lukosiene 2021

Wittstrom 2022

Ukashi 2022

Yan 2022

0J0/0l0[0I0]0] JOOOIC00f IOIO0f 1ol X X X I I J
000000000000 0000000000000000
L JOJCIC[0] JO]0]C[0[0CI00CI0[0) I JOIOf I I JOCIO[ J
S I S I A I I )
OO0 00000 00000000
0000000000000 000000000000000
L JO) JOIO[ IOl J JOlO 000/l ol JOIOOf I JOoI I [ J
__JOJ0J00] 0]0] J0/0/0/0]0/0/0/0/0,0]0]0] [ I JOI 10f J

Wilodarczyk 2022

Shih 2022

©
@
@
S
©
®
L
®

Fig.2 Assessment of quality and risk of bias (ROBINS-E) [22]:
domain 1: risk of bias due to confounding; domain 2: risk of bias
arising from measurement of the exposure; domain 3: risk of bias in
selection of participants into the study (or into the analysis); domain
4: risk of bias due to post-exposure interventions; domain 5: risk of
bias due to missing data; domain 6: risk of bias arising from measure-
ment of the outcome; and domain 7: risk of bias in selection of the
reported result

low molecular weight adiponectin, and the serum concen-
tration of SRAGE (soluble receptor for advanced glycation
end products) [33]. While increased leptin concentrations
were associated with higher rates of diverticulosis (OR 2.4;

@ Springer

95% CI 1.4-3.9), low molecular weight adiponectin (OR
0.5;95% CI1 0.3-0.8) and SRAGE (OR 0.4; 95% C1 0.3-0.7)
concentrations were inversely associated.

Peery et al. demonstrated a significantly increased risk of
colonic diverticula in women with a BMI> 30 and age less
than 60 years, although no correlation was found in the male
study population. The cause of this phenomenon in general
obesity and non-central obesity was attributed to increased
testosterone concentration and decreased concentration of
SHBG (sex hormone-binding globulin) and total estrogen.
Premenopausal ovarian steroid hormones consequently
could have a protective effect with regard to diverticular
formation [41].

Fatty liver disease

Data on the association of diverticulosis and fatty liver
disease are conflicting. While Bae et al. and Kempinski
et al. showed a correlation between increasing levels of
fatty liver and diverticulosis (moderate FLD (OR 2.238;
95% CI 1.026-4.882); severe FLD (OR 5.519; 95% CI
1.236-21.803)) [39, 42], Sahin et al. identified fatty liver
disease as a negative predictor of diverticulosis (OR 0.529;
95% CI 0.323-0.866) [43]. Interestingly patients in the latter
study were 65 years or older, while Bae et al. and Kempinski
et al. included younger patients.

Metabolic syndrome (MS)

An association between metabolic syndrome and diverticu-
losis was only investigated in one study. Data from Teix-
eira et al. showed an association between metabolic syn-
drome and asymptomatic diverticulosis (OR 3.682, 95% CI
1.587-8.546) [38].

Incidental findings
Age

The literature search found a strong link between patient
age and the presence of diverticulosis. As patients get older,
they have a higher likelihood of developing diverticula,
regardless of their ethnicity or where the diverticula appear
in the colon [18, 23, 25-27,29-31, 35, 38, 44]. As shown by
Korean studies performed by Song et al. and Lee et al., age
is a risk factor for diverticulosis in the right and left sided
colon [18, 23]. Data from Storz et al. and Song et al. indicate
that patients with only left-sided diverticula are, on average,
much older than patients with only right-sided diverticulo-
sis [18, 35]. In addition, Storz et al. showed that the sever-
ity of diverticulosis increases with age (OR 2.24; 95% CI:
1.60-3.15) [35]. These findings were also confirmed in a
study by Peery et al., in which increased age was associated
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with multiple diverticula (> 10) and larger or deeper diver-
ticula in patients < 50 years compared with > 60 years. As
already mentioned by this study, it is obvious that overall it
is a progressive phenomenon by lifetime [44]. It is specu-
lated that the correlation between age and increased inci-
dence of diverticula might be due to changes in the structure
of the colon [27].

Sex

Three of the included studies showed a significant clustering
of diverticulosis patients in the male collective after multi-
variable analysis whereby the data of Kopylov et al. (OR
1.737; 95% CI 1.346-2.241) [26] were similar to those of
Ukashi et al. (OR 1.29; 95% CI 1.02—1.64) [29] and Yan
et al. (OR 1.878; 95% CI 1.373-2.568) [30]. In the majority
of the included studies, no clear gender-dependent corre-
lation could be found, in contrast to previously published
studies [45].

Hypothyroidism

One study examined a possible association of hypothyroid-
ism and diverticulosis. Patients with a medical history of
hypothyroidism were found to have a higher prevalence of
colonic diverticula (OR 2.403; 95% CI 1.303—4.431). Ther-
apy adherence or cause of hormonal imbalance, however,
was not further explored in this study [26].

Colon adenoma

Data on the occurrence of adenomas and asymptomatic
diverticulosis were inconsistent. While Teixeira et al. and
Tursi et al. had similar rates of adenoma in the diverticulosis
and control group [27, 38], Lee et al. showed a significantly
higher rate of adenomas in bilateral diverticulosis (OR 2.72;
95% CI 1.94-3.82) and proximal colonic diverticula (OR
2.36;95% CI 1.66-3.38) [23].

Constipation and dietary habits

Studies did not find a clear association between dietary
habits and the incidence of colonic diverticula [27, 31, 35].
The data published by Braunschmid et al. were also con-
troversial with regard to the previously assumed correla-
tion with a high-fiber diet [25]. In contrast, the increasing
prevalence of diverticular formation in Asian regions has
been attributed to the adoption of Western dietary habits in
these areas [18, 23].

Alcohol

In the data from Korea presented by Song et al., alcohol
shows a positive correlation with the occurrence of diver-
ticula, as in other diseases of the digestive tract. With regard
to drinking habits, only non-drinkers and drinkers were cat-
egorized, which is why there is a certain limitation in terms
of significance [18]. The data collected by Nagata et al. also
showed a significant correlation between alcohol consump-
tion and diverticular formation, although this study also dif-
ferentiated according to the amount of alcohol consumed.
However, a dose-dependent enhancement of the effect was
not found, although this is difficult to assess due to the small
number of cases [37]. A correlation with alcohol without
further definition of drinking quantity was also evident in
data from Yan et al. (OR 1.518; 95% CI 1.213-1.901) [30]
and Wlodarczyk et al. in patient over 40 years (OR 3.44;
95% CI 1.26-9.39) [32]. In contrast, the study by Bae et al.
showed similar results in terms of alcohol consumption in
control and diverticulosis groups and consequently no cor-
relation [39].

Hyperlipidemia

Correlating with the severity of diverticulosis, more severe
findings with multiple diverticula were observed in patients
with higher LDL levels (OR 2.35; 95% CI 1.09-5.06) com-
pared with the control group and milder manifestation [35].
In the data of Yan et al., there was also a correlation with
hypertriglyceridemia (OR 1.287; 95% CI 1.032-1.607) [30].

Discussion

Given the increasing global prevalence and its consequen-
tial economic impact, the prevention of diverticulosis has
emerged as a crucial area of focus [3-5]. This systematic
review specifically focuses on the metabolic risk factors
associated with the development of asymptomatic colonic
diverticula. Despite the inconsistent data, individual pieces
of evidence suggest a link between diverticulosis and certain
metabolic factors.

Regarding the anatomical distribution of diverticula,
there are significant geographic and morphological differ-
ences between Asian and Western civilizations, as described
earlier [1, 2]. Several of the included studies analyzed the
location of diverticula in relation to potential causes or asso-
ciations with metabolic components. The presented trends
regarding hypothesized different genesis of right- or left-
sided diverticula are currently difficult to generalize due
to heterogeneous data and different study collectives. The
predominantly right-sided localized diverticula in the Asian
region are likely to follow a genetic cause, for which the
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WNT4, RHOU, and OAS1/3 genes may be important, as
presented in the genome-wide association study by Choe
et al. [46]. These could cause differences in the neurohu-
moral system as well as different morphology of the colonic
wall between Asian and Caucasian populations [47]. Finally,
it should be noted that a comparison, presuming this genetic
variability, between right-sided diverticula formation in
the Western and Asian populations could be problematic.
Therefore, further large population-based studies consider-
ing diverticular localization are warranted.

Regarding hypertension, Yeo et al. found a correlation
between diverticulosis and therapeutic intervention and
therapy adherence in hypertensive patients, regardless of
ethnicity, who had significant diverticulosis formation. No
significant risk of diverticulosis was observed in patients
with well-controlled hypertension and physiological blood
pressure levels [17]. Earlier in this study, it was mentioned
that the underlying cause of diverticula is still not well
understood. However, it has been suggested that the sites
where the vasa recta pass through the lamina muscularis
may be susceptible to diverticula formation. This may be
due to changes in the vessels and surrounding structures in
this area [48]. Consistent with the positive correlation with
patient age [18, 23, 25-27, 31, 35, 38, 44], the aging process
of the vessels, favored by hypertension, results in endothe-
lial dysfunction [49], remodeling of the extracellular matrix,
calcification, and overall increased vascular stiffness [50].
Furthermore, it appears that micro-inflammatory processes
in the vessels combined with hypertension may contribute to
permanent vascular damage through fibrosis and apoptosis,
although the exact mechanism is yet to be determined [51,
52]. These blood vessel changes lead to structural changes
and further weaken the already vulnerable areas that tend
to bulge. This suggests a link between elevated blood pres-
sure levels and changes in the colon wall that contribute
to diverticular formation. More research is needed to fully
understand this potentially causal relationship.

As previously noted, advanced age is a major risk factor
for the development of diverticula, regardless of ancestry
and location of the diverticula [18, 23, 25-27, 31, 35, 38,
44]. According to the data of the included studies, more
severe findings with multiple, deeper, and larger diverticula
were observed with increasing age of the patients [35, 44].
In terms of left-sided diverticulosis, an older patient popula-
tion was observed overall [18, 35]. Structural changes in the
colon wall seem to be the cause, as already reported by Tursi
et al. in their study [27]. As mentioned above, diverticula
are formed preferentially in younger patients due to various
connective tissue diseases. While degeneration of connec-
tive tissue in old age has been best studied in the skin, also
because of its easy accessibility, there is data on degenera-
tive changes in intestinal smooth muscle in animal models.
These are caused by impaired signal transduction, although

@ Springer

evidence for this in the human organism is unclear. Sugges-
tive associations with weakening of the intestinal wall are
also shown in animal models in relation to neurodegenera-
tive age-related changes. In humans, however, there are few
functional studies, although promising data showed a reduc-
tion in the proportion of intestinal nerves expressing choline
acetyltransferase [53]. Peery et al. suggests that this is a pro-
gressive phenomenon over the lifetime [44]. Estimating the
frequency of asymptomatic diverticulosis in a population is a
challenging endeavor, particularly when it comes to younger
patients who typically undergo colon-related investigations
only when they exhibit symptoms. Consequently, although
several studies have demonstrated an increasing prevalence
of diverticulosis across all age groups, there exists a scar-
city of direct evidence regarding its occurrence specifically
among individuals under the age of 50 [3, 4].

With regard to diabetes mellitus, the studies show con-
trasting results. However, the data of Lee et al. seem to be
particularly interesting, showing an association between
the occurrence of diverticula in the right and the entire
colon and diabetes, but no association with isolated left-
sided diverticula [23]. Due to the absence of association
in the data of Uri et al. [26] and Tursi et al. [27], a con-
clusive statement about a connection between diabetes
and diverticular formation cannot be made on the basis of
the available data. Wittstrom et al. suggest that the dura-
tion of the disease provides additional protection against
diverticula [28]—one explanation for this counterintuitive
finding could be lifestyle changes, which are a cornerstone
of diabetes therapy.

As already established by the meta-analysis conducted
by Wijarnpreecha et al., there is a clear association between
diverticulosis and obesity [19, 34]. A more pronounced
finding of diverticulosis in relation to body weight was also
demonstrated [35]. Independent of BMI, there was an asso-
ciation between diverticular formation and measured subcu-
taneous and visceral fat accumulation; this association was
also confirmed in normal-weight patients [37]. There was
also an association with increasing waist circumference [33]
and waist-to-hip ratio [39], although the pathophysiological
background up to now remains unclear. Correlating with
the severity of diverticulosis, elevated LDL levels were also
detected in more severe forms [35]. In the female patient
population, a correlation could be found in the younger
patient population due to the increased testosterone concen-
tration and decreased concentration of SHBG (sex hormone-
binding globulin) and total estrogen in obesity. This suggests
a protective effect regarding diverticulosis of premenopausal
ovarian steroid hormones [41].

While no correlation between fatty liver disease and
diverticulosis was shown in the older patient population
[43], a correlation increasing with the degree of steatosis
was shown, especially in younger patients [39, 42].
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The hypothesized direct association between meta-
bolic syndrome and diverticulosis was confirmed in only
one of the included studies [38]. Ukashi et al. describes an
increased 10-year risk of ischemic heart disease and stroke
in patients between 50 and 69 with asymptomatic diverticu-
losis estimated by ASCVD risk score—suggesting a link
between cardiometabolic risk factors and diverticulosis [29].
On the one hand, a causal relationship by inflammatory
chronic processes or by alteration of the microbiome [54],
on the other hand, the common risk factors as a cause would
be conceivable. However, focused investigation regarding
the correlation between diverticulosis and cardiometabolic
risk factors is scarce and therefore definitely requires further
investigation.

Finally, it should be added that in addition to possible
effects of cardiometabolic risk factors on the development
of diverticulosis, the reciprocal relationship of diverticulo-
sis and cardiovascular risk factors could also be of interest.
Thus, it would at least be conceivable that low-grade sys-
temic inflammation is triggered or exacerbated by diverticu-
losis and leads to unfavorable cardiovascular outcomes. In
this regard, however, we can only emphasize the potential
relevance since numerous people have diverticula, and there-
fore, there may be a slight biological effect of diverticulosis
on cardiovascular outcomes, which remain the leading cause
of death worldwide. This calls for further investigation in
future studies.

One of the strengths of the present work is that it is a sys-
tematic literature review, which provides a comprehensive
and unbiased summary of all currently available knowledge.
The predefined and rigorous methodology, including explicit
criteria for study selection, data extraction, and quality
assessment, minimizes the risk of bias. By including stud-
ies from diverse populations, settings, and methodologies,
the results gain generalizability. The process of systematic
review is transparent and well-documented, making it repro-
ducible by third parties. Despite making every effort to avoid
bias, there is, of course, a residual risk of overestimating
results due to the non-publication of negative or inconclu-
sive findings. The heterogeneity of the data, especially in
comparison with the Asian population, where the location
and possibly the origin of diverticula differ, makes it chal-
lenging to pool data and draw meaningful conclusions. The
predominantly low quality of the available studies should be
considered in the context of the conclusions.

Conclusion

In summary, the data synthesis indicates a correlation
between arterial hypertension, obesity, and fatty liver dis-
ease among younger patients. Nevertheless, it appears that
the age of the patients and genetic factors are significant

determinants in the development of diverticula. As for dia-
betes mellitus, the existing data is inconclusive and may
necessitate further investigation, particularly concerning
the location of the diverticula.

The present study highlights a potential correlation with
cardiometabolic risk factors. Building upon these findings,
it is imperative to conduct more focused research to gain a
deeper understanding of how metabolic risk factors contrib-
ute to the development of asymptomatic diverticulosis. To
achieve this, future investigations should consider exploring
the specific mechanisms through which these risk factors
influence diverticulosis onset and progression, as well as
identifying potential preventive and therapeutic interven-
tions aimed at mitigating this condition in individuals with
cardiometabolic risk factors. Additionally, larger sample
sizes and longer-term follow-up studies could provide valua-
ble insights into the long-term implications and outcomes of
asymptomatic diverticulosis in relation to these risk factors.
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